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Abstract: Soil salinity is a matter of great economic and environmental implications. In Hetao Ir-
rigation District, soil salinity limits crop productivity affecting about 69% of its total cultivated
land, due to natural soil salinization and the salt accumulation in the soil profile caused by irriga-
tion. The goal of the study here reported is to contribute to solving this problem through the eval-
uation of the technique of adding wind sand to the heavy saline-alkali soil top layer, and the anal-
ysis of the effects on the infiltration and salt leaching. The experiment, carried out on a laboratory
scale, used a silty loam saline soil, 40 cm deep, with 21 g/kg of salinity, collected at Ulat Front
Banner site, being the wind sand added to the 30 cm soil top layer. The infiltration tests were car-
ried out on plastic columns with 9 cm diameter and 45 cm high, loaded with a soil and sand mix-
ture (from 2% to 30% ratio), supplied by a constant hydraulic head. To determine the salt leaching
in the soil column, soil water samples were taken for a period of 15 days. A significant increase of
the infiltration rate was observed in the first infiltration hour, rising from 1 mm/h to 9 mm/h, in
response to the addition of 8% and 30% of sandy particles, respectively. The effects in salt leaching
were quite relevant in the top 20 cm layer; after 7 days of infiltration, a relative decrease of 35%,
55%, and 95% in soil salt were reccorded in soils with 4%, 8%, and 30% of sandy particles added,
respectively. Concluding, the practice of adding sandy particles in the topsoil is a soil melioration
method that allows a positive impact on soil infiltration and salt leaching. An addition of 8% of
sand seems to be a good choice, as it favours an increase in salt leaching of about 55% after 7 days.
These results are encouraging and appeal for field studies to assess the impact on a field-scale
system, and the effects of this soil melioration on irrigation, drainage and agronomic aspects.
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1. Introduction

The application of sand to heavy soils is a technique that could enhance the leach-
ing of salts from the soil profile due to increased infiltration, moisture conservation and
the effective porosity of soil [1]. Several studies proved that the sand added to the sur-
face of soil benefit salt leaching [2,3], and enhance soil aggregate structure and water
retention capacity [4]. Sand mixing on the surface of soil can reduce the evaporation of
soil water and the accumulation of salt on the surface [1]. Therefore, the technique of
addition of sand to heavy soils has a potential to increase water use and crop yield, par-
ticularly under severely saline-alkali conditions.
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Hetao is located in Inner Mongolia, China, in the upper reaches of the Yellow River,
with an irrigation area of about 676,000 ha. Soil salinization seriously restricts the sus-
tainable development of Hetao agriculture, affecting about 69% of the total cultivated
land area [5]. To cope with this problem several conventional measures have been im-
plemented, like the underground drainage and the soil tillage improvement to favour
the growing environment of crops and the soil salt leaching [20]. Recently, other
measures have been adopted to improve salt-alkali soil, such as, mulching, aiming the
soil evaporation control, or the buried straw or manure, to favour the melioration of soil
ecological conditions [6]. The deep tillage to improve the soil physical and chemical
properties [7] and favour deep percolation and salt leaching is also used, but the leach-
ing time is particularly longer for the heavily saline-alkali soils.

To assess the effect of addition of sand particles to heavy saline-alkali soil on the in-
filtration and salt leaching, a laboratorial study with one-dimensional vertical constant
water head method, was carried out in Hetao. The main objectives for this study were to
analyse and quantify the influence of sand content on the soil infiltration rate and the
soil salt leaching over the time, envisaging the extensive use of this technique.

2. Materials and Methods

The soil used in the experiment was collected from the 0-40 cm soil layer in the
Xishanzui Farm, Ulat Front Banner, upstream of Hetao (Longitude: E 108°37’; Latitude:
N 40045’; Altitude 1118 m), being its physical properties shown in Table 1. The wind
sand selected for this experiment had a volume composition of 96.7% of sand, 2.95% of
silt, and 0.34% of clay, with a salt content of 1.89 g/kg. This experiment was carried out
on October 2019, in the Soil Laboratory of the Inner Mongolia Agricultural University, in
Hohhot.

Table 1. Soil physical characteristics of experimental site.

Soil layer Particle composition (%) Bulk density Field capacity Saturat{on ca Salinity content
(cm) Sand  Silt Clay Texture (gem?  (cmPem?) pacity (gkg)
(cm3-cm)
0-20 26.33 60.50 13.17 silty loam 1.51 0.24 38 23.60
20-40 32.32 45.39 22.29 silty loam 1.49 0.25 39 18.43

The experimental treatments considered different ratios (x, %) of wind sand added
to the original soil, identified by “Tx”. Nine treatments were considered: TO, the null
treatment with the original soil, and T4, T8, T12, T16, T20, T24, T28 and T30, with three
repetitions each. The soil samples were mixed with sand in the 0-30 cm top layer, and
the columns loaded with these mixtures. The soil layer of 30-40 cm was not modified.
The infiltration process was carried out in plastic columns (Figure 1), with an internal
diameter of 9 cm and 45 cm height, with a porous bottom with a filter paper to the
blocking by soil particles. These columns were equipped with eight sampling holes, with
5 cm spacing, allowing soil water sampling during the experiment process. The soil
column was covered with plastic film to prevent evaporation. Distilled water was added
to the columns at  a constant hydrostatic pressure of 5 cm, for 15 days.

In order to determine the water and salt migration in the soil column, soil water
samples were collected from the sampling holes of soil the column after 3, 7, 11 and 15
days. Their electrical conductivity (EC, mS/cm) was measured at 25 °C, and then the
correspondent salt content (SC, g/kg) was calculated by the equation 1.

SC =3.471 EC +0.015. 1)
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(b)

Figure 1. View of the laboratory experiment to assess the infiltration and salt leaching. (a) disposal of soil columns; (b)
Column scheme; Legend: 1. bracket, 2. Marten site bottle, 3. level index, 4. valve, 5. hose, 6. plastic film, 7. column top, 8.
sampling hole, 9. soil sample with added sand, 10. original soil.

3. Results
3.1. Effects of added sand on soil infiltration

Results have shown that the soil added sand had a significant effect on soil infiltra-
tion (Figure 2), with an increase of soil permeability in response to the increase of the
amount of sand amended. For example, after 60 min of infiltration time, the difference of
cumulative infiltration, relatively to T0, was 2, 4, 9, 26 mm, for treatments T4, T8, T16
and T30, respectively. After 300 min of infiltration time, this increase was 4, 6, 14, and 47
mm.
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Figure 2. Cumulative infiltration curves, per treatment. Treatment, Tx, where “x” represents the percentage of wind sand

added to the soil.

The variation over time of the infiltration rate (Table 2) shows a direct effect of the
amount of the added sand, particularly during the first 60 minutes. The differences be-
come negligible at 300 minutes of infiltration time, from T4 to T16. These dynamic of soil
infiltration rate over time reveal that at 30 min the relative rate increase compared with
TO0 was 13%, 33% and 100%, and at 60 min, was 9%, 18% and 82%, relatively to T8, T16
and T30, respectively. In turn, at 300 min, T8 and T16 are equal to T0, and T30 is 60%
higher. These results allow concluding that the major effect of added sand occurs during
the first time phase of the infiltration process. This information should be taken in con-
sideration in the irrigation scheduling plan.
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Table 2. Infiltration rates (mm/h) over time, per treatment.

4 of 6

Time (min) T0 T4 T8 T12 T16 T20 T24 T28 T30
10 27 29 31 33 37 41 45 52 57
30 15 16 17 18 20 22 24 28 30
60 11 11 12 12 13 15 16 19 20
180 6 6 6 7 7 8 9 10 11
300 5 5 5 5 5 6 6 7 8

Treatment, Tx, where “x

7o

represents the percentage of wind sand added to the soil.

3.2. Effects of added sand on salt leaching

The results of the soil salt leaching (Figure 3) reveal that the process of the down-
ward salts migration occurs particularly during the first days, and also the temporary
accumulation of salts in the deeper layers. This draws attention to the sensitivity of the
irrigation leaching process that should be intensive enough to allow most the leaching
below the soil root zone. Treatments T16 and T30 show a higher efficiency of salt leach-
ing bellow the 30 cm soil depth, than the other treatments (Figure 3).

Soil depth (cm)
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Figure 3. Dynamic distribution of soil water salinity content during 15 days leaching, of T0, T8, T16 and T30 treatments.
Treatment, Tx, where “x” represents the percentage of wind sand added to the soil.

On the top 20 cm layer of soil, during 15 days leaching time (Figure 4), the salt con-
tent is reduced on all treatments, and those reduction rates are variable over time. For
treatments T12 to T30 this rate is higher during the first 3 days, while in the other treat-
ments the leaching rate is almost uniform over time. On the other hand, the initial salt
content reduces, compared with T0, due to the direct effect of the mixing with sand with
a very low salt content.

The relative effects of added sand on infiltration and salt leaching, compared with
TO0 (Figure 5), on the rate and cumulative infiltration after 5 hours, and the salt leaching
of 20 cm top layer during 7 days conveys that these indicators are sensitive and have a
direct relationship to the added sand amount. Focusing on the effect of salt leaching, like
the main target of this soil amelioration process, it shows that, even in the lower inten-
sive treatments, T4, T8, and T12, it implied a significant salt leaching increase of 35%,
55% and 60%, respectively.
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Figure 4. Soil salt content
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percentage of wind sand added to the soil.
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Figure 5. Relative effects of added sand on the infiltration rate, cumulative infiltration at five hours and salt leaching at
Scheme 4. Discussion and conclusions.

Soil salinity in Hetao Irrigation District is a matter of major economic and environ-
mental implications, which is threatening agricultural sustainability. The complexity of
this issue is due to the spatial variability of soil characteristics, the relative effectiveness,
and sometimes high costs, of the accomplishable solutions. Aiming to contribute to a
feasible solution to this problem, an exploratory laboratory study was carried out to in-
vestigate the technique of adding wind sand to the soil top layer.

Results revealed to be promissing, as the addition of sand promotes a significant
increasing effect on the infiltration rate (Table 2), especially in the first hour, being,
however, incipient from the third or fifth hour onward. The infiltration rate at 1 hour, is
higher 9%, 18%, and 82%, for treatments T8, T16, and T30, compared with T0. At 5 hours,
the rate is equal for TO, T8 and T16, and 30% more for T30. The increase in the soil infil-
tration characteristics has implications on the irrigation performance, especially for sur-
face systems, also related with the land slope and the size of the plots [8].

To be effective, salt leaching should garantee the transport of salts to layers of soil
deeper than the root absortion zone. For example, below 60 cm in maize. This problem
of salt migration calls attention to the question of assessing the amount of water to be in-
filtrated, providing, if necessary, an adequate leaching fraction, depending on the local
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soil salinization. This issue is correlated with the soil drainage conditions, namely the
control of the groundwater level through the subsurface drainage system [9]. The analy-
sis of the effects of added sand treatments on infiltration and salt leaching (Figure 5)
leads to the conclusion, in a first approximation, that the T8 treatment (add 8% of sand
on top 30 cm) is sufficient, as it favours an increase in leaching of 50%.

The technique of wind sand addition to heavy saline-alkali soil showed a significant
potential to improve soil salt leaching, by increasing the infiltration rate. The practical
implementation of this technique requires a deeper analysis, weighing the effects of the
following factors at field level: the sand application cost, the subsurface drainage effec-
tiveness, the management of irrigation leaching fraction, and the impact on the crop
yield. The initial expectation is that the use of this technique will be limited to heavier
soils and to higher yielding crops, so that the investment in the application of sand and
in the improvement of drainage can have the appropriate financial benefit. Although
promising, this analysis requires further experimentation in field conditions, in order to
assess impacts on crop productivity and efficiency in the soil salinity control.

As a final conclusive note, encouraged by the results obtained, further studies on
field trials are recommended for treatments T4, T8, and T12, as well as the assessment of
their productivity, field-scale drainage system effects, soil melioration on agronomical
aspects, and economical impact.
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